Abstract. In this paper a comparison between strategies for extracting the three-phase reference currents for active power filters is shown. The performance of these strategies will be evaluated under different source and load conditions. The study has been applied to a three-phase four-wire system in order to include imbalance.
extracting the three-phase reference currents for active power filters is shown. The performance of these strategies will be evaluated under different source and load conditions. The study has been applied to a three-phase four-wire system in order to include imbalance.
First, this paper presents a revision of four control strategies for the extraction of the reference currents for an active power filter connected to a three-phase fourwired source that supplies to a nonlinear load ( Figure 1 ). The four strategies that have been compared are: -Instantaneous active and reactive power (p-q method).
It will be shown that under balanced and sinusoidal voltages, harmonic cancellation and reactive power compensation can be achieved by all the methods. However, when the voltages are distorted and/or unbalanced, the compensation capabilities are not equivalent.
-Instantaneous direct and quadrature current ( i i method).
d q − -Unity Power Factor (UPF) method.
-Perfect Harmonic Cancellation (PHC) method. Finally, comparative evaluation is performed by means of simulation study under both ideal and distorted mains voltage conditions and various load conditions.
It will be proved that some strategies do not offer an adequate solution when the mains are not ideal, including harmonics or imbalance.
Non-linear load 
Introduction
Power electronics converters, more and more widely used in industrial, commercial as well as domestic applications, suffer from the problem of drawing non sinusoidal current and reactive power from the source. This behavior causes voltage distortion that affects to another loads connected at the same point of common coupling (PCC). Active power filters are researched and developed as a viable alternative over the conventional methods to solve this problem. Of course, the size and cost of active power filters depends on harmonics and reactive power to be compensated. Fig. 1 . Three-phase four-wire source with non-linear load and shunt active power filter.
Instantaneous p-q strategy
Most of the APF's (active power filters) developed are based on the instantaneous reactive power theory (or p-q theory) to calculate the desired compensation current. This theory was proposed first by Akagi and his coworkers in 1984 [1] . Since then various interpretations and improvements of this method have been presented [2] , [3] . In this method, a set of voltages (u a , u b , u c ) and currents (i a , i b , i c ) from a three-phase four-wire system, are first transformed into three-axis representation α-β-0, using the following power invariant:
The control strategy for a shunt active power filter ( Figure 1 ) generates the reference current that must be provided by the power filter to compensate reactive power and harmonics currents demanded by the load. This implies a set of source current in the phase domain, that will be tracked generating the switching signals applied to the electronic converter (heart of the active power filter) by means of the appropriate closed-loop switching control technique, like hysteresis band control. ;   1  1  1  2  2  2  2  1  1  3  2  3  3  0  2 
i d -i q method
This method is also known as Synchronous Reference Frame (SRF) [6] , [7] . Here, the reference frame d-q (d direct axis,uadrature axis) is determined by the angle θ with respect to the α-β frame used in the p-q theory.
The transformation from α-β-0 frame to d-q frame is given by:
where is the so called transformation matrix:
The generalized instantaneous active power, p, and instantaneous reactive power, q, defined in [2] , [3] , in terms of the α-β-0 components, are given by the following expressions:
If d axis is in the direction of the voltage space vector, and taking into account that the zero-sequence component is invariant, the transformation is given by:
where S, the transformation matrix, has the properties: S S .
-1 T = 1; = S The instantaneous three-phase active power has two components: the instantaneous zero-sequence active power, p 0 , and the instantaneous active power due to positive and negative sequence components, . According to this: 
The compensating strategy (for harmonic reduction and reactive power compensation) implies that the source must only delivers the mean value of the direct-axis component of load current. Therefore, the compensator current will be:
Moreover, each power component have, in its turn, a mean value or dc component and an oscillating value or ac component. For the system shown in Figure 1 , the power components required by the load are:
The objective is to get the source to give only the constant active power demanded by the load,
. In addition, the source must deliver no zero-sequence active power, i = 0. Therefore, the reference source currents in the α-β-0 frame can be determined by [8] :
The dc component of the above equation will be:
where the subscript 'dc' must be understood as the mean value of the expression into brackets. The reference source current must be in phase with the source voltage and no unbalanced, therefore it will be obtained, in the α-β-0 frame, multiplying (12) for an unitary vector in the direction of voltage source space vector, excluded the zero-sequence component:
UPF strategy
The compensation strategy known as the unity power factor (UPF) method has the objective that the load plus the compensator must be viewed by the source as a resistance [8] , [9] . This method is also known as the 'voltage synchronization method' because the current source space vector is in phase with the voltage source space vector. The compensator current will be:
where K is a constant which value depends on the source voltage and the load.
The power delivered by the source will be:
The conductance K can be determined with the criterion that the power delivered by the source equals the dc component of the instantaneous active power of the load, therefore:
Finally, the reference current source will be given by:
PHC strategy
This method can be considered as a modification of the previously presented theories and has the objective to compensate all the harmonic currents and reactive power demanded by the load; therefore, the current source will be balanced and will be in phase with the fundamental component of the voltage source, excluded the zerosequence component [8] .
The compensator reference current will be given by:
where is the voltage source space vector with only fundamental component without zero-sequence component.
The constant K value will be determined with the condition that the above power delivered by the source equals the dc component of the instantaneous active power demanded by the load. Therefore:
Finally, the reference source current will be given by: p-q strategy Simulation results for case A are shown in Figure 2 and Table II . It is observed that both source voltages and current are sinusoidals, and are in phase, hence, reactive power and harmonics are fully compensated. The source supplies only the constant power demanded by the load.. Simulation results for case B are shown in Figure 3 and Simulation results for case C are shown in Figure 4 and Figure 5 and Table V . It is observed that only PHC strategy is able to eliminate unbalance from the load currents. The frequency spectrums in Figure 5 do not appear because they are different for each phase, however THD values are shown in Simulation results for case E are shown in Figure 6 and 
Comparative evaluation
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Conclusions
The most appropriate strategy depends on the correction objective. If the compliance of harmonic standards and reactive power compensation are looked for, the PHC is the most adequate strategy, because it acts correctly under any utility conditions. If minimizing the source currents RMS values is desired, the best strategy is UPF, even more in the presence of harmonic voltages at the PCC not caused by the nonlinear load. If constant active power from the source is desired, the generalized p-q theory will be selected, although it maintains or increase the source current harmonic distortion. The i d -i q theory could be considered an intermediate solution among all strategies because it maintains all the ratios under certain limits. It has been proved that p-q strategy (maybe the most widely used) is the most sensitive to distortion and imbalance in the voltages at the PCC.
